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The lost three years have bees very eventful and fruitful is terms of

scientific achievement and publication., After an initial rebuilding period

is 176-1977 during which our laboratory va moved from 51I and

reestablished it USC owe bgasn a program under ASO sponsorship of

Investigating the chemistry and mechanism* associated with cool flames,

ignition. combustion and inhibition. We can now testify to impressive

progress is all of these areas as well as significant sew results is

related areas. , Our inestigations have included both experimental and

theoretical studies and these are summarized briefly here.

I. lechssn is Combustiox Ad Relstod Processes

We have sow completed for the first time a molecular mechanism which

includes rate cotists for all the key steps in the oxidation sad

combustion of CE4 to CI hydrocarbons (362.S82). We can account for cool

flames. the induction periods leading to cool flames. the hot igaitiou or

quenching following cool flames and the induction periods leadiug to hot

ignition. The same mechanism successfully account for the oxidation and

breakdown of labricatiaS oils and for the periodic flames observed is

oxidizing flow systems. This work can sow offer a framework within dysamic

effects msy be investigated. We have also elucidated the mechanisms of

oxidation of i9 (371), NCI and Or (372) and the formation of soot in

hydrocarbe flames.

I1. Thanookbonj 91 Radicals zaa 1 Cousstion Proeoss

Is order to provide the detailed mechanism of oxidation we have bad to
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nesters thermochemical properties (AR;. Be and C;) of some key radicals.

These include the follwig: RD (378,381),. C 30 2 (391). t~u02  (377).

ltoCiCu 3 (385). tOu (386). CR3 CO (387) and CIC1 2 (369). sulfur has turned

out to be a very important species in combustion, primarily because of its

contribution. to air pollution and acid rain. These is tars will have

impacts em the kinds of fuels we will use in the future and/or the kinds of

emission controls that may be required on combustion devices. This has

inspired us to investigate the chemistry of organic sulfur containing

radicals and the mechanisms of their pyrolysis and oxidation. Is the

course of this work we have measured thermochemical properties for CE S'

(373). C22 SCR (393) and a mumber of related molecular and radical species.

From this have come sow insights into mechanisms of isomerization and

pyrolysis of sulfur containing agecies (394) and the first Insight into

*COS and CS 2formation in flames and incinerators.

111. Theoretical Stadias ia Kinetics

Perhaps one of our most important studios has been those on

recombination and dispropertionatics of alkyl radicals (375). This

establishes a model which can reproduce the respective rate constants to

*within, 20% over the temperature range from ambient to flame temperatures,

This has as one immediate consequence the ability to predict the inverse

* .rate constants for bend fission ad moleculeiolef in disproportionatiou just

from knowledge of molecular structure.

* Another important achievement has been to construct a model which has

ben able to explain the very puzzling negative activation energies

.5. observed In low temperature atmospheric processes (388). Rate constants at

200-3506K have frequently been very different from their values

extrapolated from observations in flame systems at 1600-220016K. Our new

3



model mow explains the*e anomalies for the very important flame reaction

On + CO (389) for 3M0 self-reactions (392) and for 03 reactions with polar

species (390).

A very important observation known for some time from (TST) transition

state theory but now confirmed is flame studies is that the 2-parameter

Arrhenius equation is inadequate to represent rate constants over any large

temperature require. One, needs to use the 3-parater fern ATm sxp(-/.T)

and it coo be shown that a cam be calculated from TST with much better

precision than it can be measured.

IV. Rzoerinental Des in

One of our most useful employments in this recent period has boen the

redesign of our ILK'! system to use turboo-molecular pumps ad additional

pumping, states. It is now close in operation to a molecular beam system

ad can measure atoms down to 10 9Icc sad radicals down to 10 10/Go. We are

still studying the sensitivity and performance of the system in detail.

Recently we found that our microwave disoharge produced both ground and

xcited state of halogen tos. This has been of importance only with Br

where the discovery has made possible the measurement of rate constant of

Sr( 2' p2 as well as ground state 2( This is a continuing process

limited only by available fuds and manpower.

To avoid excited electronic states we have explored and developed

thermal sources for Dr and Cl atoms which seem to work well.

V. Xhnu LIonic Solvat io

Convinced that ion-pairs and ionic processes may play a role is low

6 temperature oxidations we have began theoretical studies of potential

functions to describe ion-ion and ion-solvent Interactions



(361,362,73$ 0). These have been very successful in accounting for

distomie alkali balide molecule. crystals sad diners as well as successive

bydration esersies of individual ions.
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